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Experiments on the Quantum Switch 

The causal order can be in a coherent superposition, resulting in an indefinite 
causal structure. 

Experimental realisations: 
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quantum operations. In their labs, the conventional non-relativistic quantum 
mechanics is respected. 



Each party can only receive a quantum system 
from the background process, perform a 
quantum operation on it, and send it out to the 
background. 


The background process ‘W’ does not necessarily 
assume a fixed causal structure. 


Oreshkov et al., Nat. Comm 3 , 1092 (2012) 
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Recap: Different asymptotic settings 


Product encoding product decoding 
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Recap: Different asymptotic settings 


Product encoding product decoding 



The capacity c^iAf) is bounded by the Holevo quantity x(Af). 

C (1) (A0 < x(A0 = Max [S{.V(£ a ./>(a;)A e )} - TZxP^SWipx)}} 

p(x),p x 


A. Holevo, problems of Information Transmission 9 , 177 (1973) 
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Product encoding entangled decoding 






The channel capacity c(Af) is given by the HSW theorem and is equal to x(A0 


A. Holevo, arXiv:9611023 

B. Schumacher, M. Westmoreland, PRA 56 (1997) 
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The channel capacity c EE (j\f) is given by the regularised Holevo quantity x 


xCAO < C EE (M) 


X reg (AA) 
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M. B. Hastings, Nat. Phys 5 , 255 (2009) 
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Result: We get a Holevo bound for the process 
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Generalised Holevo Bound 

Result: 

Product encoding 
product decoding 



One-shot capacity: 


C { 21b(W) < X A ^ B {W) < log (d Bl ) 
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Result: 

Product encoding 
entangled decoding 
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Result: 


Generalised Holevo Bound 


entangled encoding 
entangled decoding 
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Classically uncertain order: 

w = p w A<B + (l - p) w B<A 

Previous result: 

entropic causal inequality: 
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New result: 

A bound in terms of Holevo quantity: 


Cf Miklin et al„ New J. Phys. 19, 113041 (2017) 


I{B : X) + I (A : Y) < px A ^ B (W) + (1 - p)x D ^ A (W) 

<plog (d Dl ) + (1 -p) log (d Al ) 


No violation known 











Summary 


The notion of classical capacity of a non-fixed causal ordered process is 
introduced. 

Classical communication: no advantage in one-way capacity 
• Open: advantages for multipartite/combinations of capacities? 

To explore: other communication related questions 

(e.g., entanglement communication through process, private capacity,...) 
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